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Figure S3. Enlarged contour plot of the DARR spectrum shown in . The DARR spectrum of u-[ 13 C, 15 N]-PCB-all2699g1-2 as Pr was acquired with a mixing time of 50 ms. The 1D traces of the 2D spectrum (along ω 1 -, left, and ω 2 -dimension, top) are shown with the assignment of 13 C peaks (see for chromophore numbering). Asterisks indicate peaks arising from the natural abundance glycerol carbons. Correlation signals are marked '+' and labeled in black with their corresponding offdiagonal counterparts marked only.
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Figure S4. Full contour plots of the HETCOR spectra shown in . 2D 1 H-13 C supercycled PMLG-decoupled dipolar correlation spectra of the u-[ 13 C, 15 N]-PCB chromophore in all2699g1 (A), all2699g1-2 (B), and Cph1Δ2 (C) with a contact time of 1 ms. 
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Figure S7. Structural model of all2699g1-2 construct in its Pr state and comparison to the crystal structure of Cph2 [ ]. (A) Structural homology model of all2699g1-2 constructed based on the crystal structures of GAF1 domain and Cph2 module. The PCB(cyan)-bound GAF1, GAF2, and tongue protrusion from the GAF2 domain are depicted in cyan, yellow-green, and lawn-green, respectively. (B) Cph2(1-2) 4BWI Pr structure. The GAF1, GAF2, and tongue protrusion are depicted in blue, pink, and pale red, respectively. The PCB is in yellow. (C) Superimposition of all2699g1-2 structural model and the Cph2 4BWI structure. Figure S8 . UV-vis absorbance spectra of tongue variants in all2699g1-2. The residues of the three conserved motifs in the tongue region are shown in . The spectra of W366A (A), W366F (B), R380I (C), and R387P (D) were measured after far-red (Pr state, purple) and red-light illumination (Pfr, green line). The corresponding spectra of the wildtype and three more variant proteins (S382A, W386A, and W286F) are shown in .
S-9
Table S1: 1 of 1 Table S1 . Overview of 13 C chemical shifts of the PCB chromophore incorporated in all2699g1, all2699g1-2, and Cph1Δ2 in their respective Pr dark states.
Published 13 C data of Cph1Δ2 [5] were listed for reference. The 13 C chemical shift differences of PCB chromophore in the three photoreceptors, Δ2699g1-2 − 2699g1, ΔCph1Δ2 − 2699g1, and ΔCph1Δ2 − 2699g1-2 are reported and illustrated in Figure 4 . The chromophore numbering is according to Figure 1A. 142. Table S2 . 1 H chemical shifts of the carbon-bound protons in PCB chromophore as incorporated in all2699g1, all2699g1-2, and Cph1Δ2 in their respective Pr dark states. The 1 H chemical shift differences of PCB carbon-bound protons in the three photoreceptors, Δ2699g1-2 − 2699g1, ΔCph1Δ2 − 2699g1, and ΔCph1Δ2 − 2699g1-2 are reported and illustrated in Figure 3D . The chromophore numbering is according to Figure 1A . H chemical shift differences of protons bound to tetrapyrrole nitrogens in the three photoreceptors, Δ2699g1-2 − 2699g1, ΔCph1Δ2 − 2699g1, and ΔCph1Δ2 − 2699g1-2 are reported and illustrated in Figure 3D . The chromophore numbering is according to Figure 1A . Table S4 . Overview of 15 N chemical shifts of the PCB chromophore incorporated in all2699g1, all2699g1-2, and Cph1Δ2 in their respective Pr dark states.
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Published 13 C data of Cph1Δ2 [4] were listed for reference. The 15 N chemical shift differences of PCB chromophore in the three photoreceptors, Δ2699g1-2 − 2699g1, ΔCph1Δ2 − 2699g1, and ΔCph1Δ2 − 2699g1-2 are reported and illustrated in Figure 4 . The chromophore numbering is according to Figure 1A . Gaussian at an equal ratio). The ν 1/2 values (mean ± standard deviation) are extracted from the Voigt profiles (fitting spectra not shown). Δν 1/2 are listed as all2699g1-2 minus all2699g1. The chromophore numbering is according to Figure 1A .
N chemical shift (ppm)
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Δν 1/2 (FWHM, Ηz) Table S6 . Quantitative absorption data of all2699g1-2 variants. UV-vis absorbance maxima (λ max, nm) for the dark state (after far-red irradiation, underlined) and for the photoproduct (after red irradiation) for the PCB adduct of the all2699g1-2 variants and the λ max values for the same samples after denaturation in 8 M urea at pH 2.0. The PCB-loading efficiency of these proteins are listed. The corresponding data for the wild-type all2699g1 and all2699g1-2 are shown as reference.
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Loading efficiency (%)
PCB chromophore g1-2 
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